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(54) Electronically servo-assisted bicycle gearshift and related method

(57) In order to allow the compensation of misalign-
ments between the chain of a bicycle gearshift and one
or more sprockets of the gearshift, the invention con-
cerns a method for electronically servo-assisting a bicy-
cle gearshift, comprising the steps of: driving (405, 413)
an actuator of a bicycle gearshift to displace a chain of
the gearshift in an axial direction with respect to a gear-
shift group comprising at least two sprockets, in a first
direction or in a second direction opposite to the first

direction; receiving information on the successful align-
ment (406, 414) between the chain and a predetermined
sprocket of the gearshift group; and setting (404, 409,
412, 416) an adjustment variable of a logic value asso-
ciated with the gear ratio relative to the predetermined
sprocket to a value corresponding to the displacement
carried out in the step of driving the actuator. The inven-
tion also concerns a bicycle gearshift suitable for imple-
menting the method, as well as a program and an elec-
tronic circuit having means for carrying out the method.
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Description

[0001] The present invention concerns an electroni-
cally servo-assisted bicycle gearshift and a method for
servo-assisting a bicycle gearshift, as well as a program
and an electronic circuit having means for carrying out
the method.
[0002] An electronically servo-assisted bicycle gear-
shift generally comprises:

- a rear actuator and a front actuator, having a re-
spective motor, for displacing a chain, through a
guide element, in an axial direction with respect to
a respective gearshift group comprising at least two
sprockets associated with the hub of the rear wheel
(the sprockets also being called pinions or toothed
wheels and the chain guide element also being
called rear derailleur or simply gearshift) of a bicycle
and, respectively, with the axis of the pedal cranks
(the sprockets also being called crowns or gears or
toothed wheels and the guide element also being
called front derailleur or simply derailleur), in a first
direction (for example from a sprocket with a small-
er diameter to a sprocket with a larger diameter, or
"upwards gear-shifting") or in a second direction op-
posite the first direction (for example, from a sprock-
et with a larger diameter to a sprocket with a smaller
diameter or "downwards gear-shifting"),

- manual input means comprising means for entering
a rear or front actuator displacement request signal,
respectively, in the first or in the second direction,
such as levers associated with the two handlebar
grips of the bicycle,

- an electronic control unit connected to the input
means, to the rear actuator and to the front actuator,
operative, in a normal ride operating mode, to drive
the rear actuator or front actuator, respectively,
based upon the displacement request signal to dis-
place the chain from a first sprocket to a second ad-
jacent sprocket of the respective gear-shift group,
and

- a rear transducer and a front transducer for detect-
ing the position of the actuators (and therefore of
the derailleurs) and for indicating it to the electronic
control unit, so that the actuators are stopped when
the desired position has been reached.

[0003] Electronically servo-assisted bicycle gear-
shifts of the aforementioned type are described, for ex-
ample, in patents US 5,480,356, US 5,470,277 and US
5 865,454 and in European patent application EP 1 103
456, all of the Applicant; in patent US 6,047,230 of Spen-
cer et al. and in German patent application DE 39 38
454 A1 of Ellsäßer.
[0004] In particular, EP 1 103 456 describes such a

gearshift wherein the position transducers are of the ab-
solute type, capable of providing an electrical signal in-
dicating the absolute position of the derailleurs, so that
after switching them on (again), such transducers take
into account the' actual position of the derailleurs, which
could be slightly displaced due, for example, to vibra-
tions caused by the travel of the bicycle.
[0005] For correct operation of the gearshift in normal
ride operating mode (i.e. wherein the gearshift is com-
manded manually by the rider or automatically or semi-
automatically by the electronic control unit), the rear and
front actuators must preliminarily be aligned in a start
position, used as a reference (together with information
on the position of the various sprockets and/or on the
distance or pitch between adjacent sprockets) to dis-
place the chain between adjacent sprockets to carry out
the gear-shiftings. The start or reference position is usu-
ally the one in which the chain is at the sprocket with the
smallest diameter.
[0006] In prior art mechanically commanded gear-
shifts, the alignment in the start position is carried out
with manual adjustment devices which provide for cor-
recting the position of a steel cable which is used to ac-
tuate the displacements during a gear-shifting.
[0007] In electronically servo-assisted gearshifts, the
electronic control unit, to carry out the displacement of
the chain between two adjacent sprockets, drives the
actuator referring to logic positions (logic values) repre-
sentative of the physical positions of the various sprock-
ets.
[0008] In these types of gearshift, the setting of the
start or reference position is usually carried out in fac-
tory, causing the derailleur, in absence of a control signal
of the actuator, to be at the sprocket with the smallest
diameter.
[0009] In the case of collisions or replacement of the
rear wheel, it may occur that the new rear wheel is of a
slightly different size from the replaced rear wheel, in
particular as far as the hub and the sprockets or pinions
of the rear gearshift group are concerned.
[0010] Due to the displacements or slightly different
sizes, the chain and the sprocket from time to time en-
gaged can turn out to be not perfectly aligned, with a
consequent production of noise and increased risks of
incorrect operation of the gearshift itself.
[0011] The front gearshift group is also subject to mis-
alignments between the chain and the sprocket or crown
from time to time engaged, with consequent noisiness
and risks of incorrect operation.
[0012] Especially in the case in which the replace-
ment of the rear wheel takes place during a bicycle race,
such drawbacks are hard to be tolerated.
[0013] The object of the present invention is to make
it possible to recover such misalignments in a sufficient-
ly rapid manner as to be able to be carried out during a
cycle race, in particular whilst in motion, without the
need to mount the bicycle on a stand.
[0014] In a first aspect thereof, the present invention
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concerns a method for electronically servo-assisting a
bicycle gearshift, comprising the steps of:

a) driving an actuator of a bicycle gearshift to dis-
place a chain of the gearshift in an axial direction
with respect to a gearshift group comprising at least
two sprockets, in a first direction or in a second di-
rection opposite to the first direction,

b) receiving information on the successful align-
ment between the chain and a predetermined
sprocket of the gearshift group, and

c) setting an adjustment variable of a logic value as-
sociated with the gear ratio relative to the predeter-
mined sprocket to a value corresponding to the dis-
placement carried out in step a) of driving the actu-
ator.

[0015] The adjustment variable can be common to all
the gear ratios of the gearshift group, or else a plurality
of adjustment variables can be provided, each associ-
ated with a gear ratio.
[0016] Preferably the method comprises the step of:

d) receiving a first displacement request signal of
the actuator in the first direction or a second dis-
placement request signal of the actuator in the sec-
ond direction, wherein in step a) of driving the ac-
tuator, the displacement of the chain is carried out
in the first or in the second direction in accordance
with the displacement request signal received in
step d).

[0017] More preferably, moreover, the method com-
prises repeating step d) of receiving a displacement re-
quest signal and step a) of driving the actuator until re-
ceiving the information on successful alignment in step
b).
[0018] The method can also comprise the step of:

e) subordinating the repetition of step a) of driving
the actuator to check that the displacement carried
out in step a) has not reached a maximum displace-
ment value.

[0019] Advantageously the maximum displacement
value is less than half of the distance between two ad-
jacent sprockets of the gearshift group if the predeter-
mined sprocket is the sprocket with the largest diameter
or with the smallest diameter, respectively, of the gear-
shift group, otherwise it is equal to half of the distance
between two adjacent sprockets of the gearshift group.
[0020] Alternatively or in addition, the method can
comprise the steps of:

f) receiving an operating mode signal selected from
the group comprising at least a normal ride operat-

ing mode and an adjustment operating mode,

g) receiving a first or second, respectively, displace-
ment request signal of the actuator to displace the
chain in the axial direction with respect to the gear-
shift group, in the first direction or second direction,
respectively,

h1) when the operating mode signal corresponds to
the adjustment operating mode, carrying out at
least steps a)-c),

h2) when the operating mode signal corresponds to
the normal ride operating mode, carrying out the
step of driving the actuator of the gearshift to dis-
place the chain of the gearshift in the axial direction
with respect to the gearshift group, in the first direc-
tion or in the second direction, between the physical
position corresponding to a first sprocket of the
gearshift group and the physical position corre-
sponding to a second sprocket of the gearshift
group, the physical positions being determined by
the logic values associated with the sprockets as
adjusted by the adjustment variables.

[0021] Advantageously step h2) comprises driving
the actuator to displace the chain in the axial direction
with respect to the gearshift group, in the first direction
or second direction, respectively, by an amount deter-
mined increasing or decreasing, respectively, the value
of a counter by an amount equal to the algebraic sum
of the common adjustment variable or the adjustment
variable associated with the gear ratio relative to the
second sprocket, and the difference between the logic
values associated with the second sprocket and with the
first sprocket.
[0022] The difference between the logic values asso-
ciated with the second sprocket and with the first sprock-
et can be indicated by at least one differential amount
pre-associated with each pair of adjacent sprockets of
the gearshift group.
[0023] In a preferred embodiment, in step f) the oper-
ating mode signal is selected from the group also com-
prising a setting operating mode and the method also
comprises the step of:

h3) when the operating mode signal corresponds to
the setting operating mode, carrying out the steps
of:

h31) driving the actuator to displace the chain
of the gearshift in the axial direction with re-
spect to the gearshift group, in the first direction
or second direction,

h32) receiving information on the successful
alignment between the chain and a predeter-
mined sprocket of the gearshift group,
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h33) setting a biunique correspondence be-
tween the physical position of the actuator at
step h32) and the logic value associated with
the gear ratio relative to the predetermined
sprocket,

h34) zeroing the adjustment variable(s).

[0024] The predetermined sprocket in step h3) is ad-
vantageously the sprocket with the smallest diameter of
the gearshift group.
[0025] Step h33) of setting a biunique correspond-
ence can comprise setting the value of a counter to said
logic value pre-associated with the predetermined
sprocket.
[0026] When the predetermined sprocket in step h3)
is the sprocket with the smallest diameter of the gear-
shift group, advantageously step h33) of setting a biu-
nique correspondence comprises zeroing the counter.
[0027] Alternatively, said step h33) of setting a biu-
nique correspondence comprises storing in storage
means the current value of a counter as logic value pre-
associated with the predetermined sprocket.
[0028] Advantageously step h3) can be repeated for
each sprocket and a corresponding logic value.
[0029] Step a) and/or step h3) are preferably carried
out with the bicycle still, possibly keeping the chain of
the gearshift in motion.
[0030] The method can further comprise the steps of:

i) providing a user interface, wherein in said step d)
and/or in said step g) the first or second displace-
ment request signal of the actuator are received
through the user interface.

[0031] In said step b) and/or in said step h32) the in-
formation on the successful alignment can thus be re-
ceived through the user interface.
[0032] Alternatively or in addition, the step can be
comprised of:

j) providing means for detecting the relative position
between the chain and the predetermined sprocket
and providing the information on the successful
alignment in step b) and/or in step h32).

[0033] The means for detecting the relative position
between the chain and the predetermined sprocket can
also be suitable for providing the first or second dis-
placement request signal of the actuator in step d) and/
or in step g).
[0034] This can be accomplished by associating with
the actuator an element hanging on it towards the gear-
shift group and/or by associating a collimated light
source and a collimated light sensor with the actuator
and with the predetermined sprocket, respectively, or
vice-versa. Still as an alternative, light triangulation can
be exploited.

[0035] It is also possible to carry out, after step b) and/
or after step h32) of receiving information on the suc-
cessful alignment, the steps of:

k) driving the actuator of the gearshift to displace
the chain of the gearshift in the axial direction with
respect to the gearshift group, in the first direction
or in the second direction, respectively, from the
current position sequentially to each adjacent
sprocket of the gearshift group,

l) driving the actuator to displace the chain in the
axial direction with respect to the gearshift group,
in the first direction or in the second direction,

m) receiving second information on the successful
alignment between the chain and a predetermined
sprocket of the gearshift group.

[0036] Moreover, the method can comprise the step,
carried out between step k) and step l), of:

k1) driving the actuator of the gearshift to displace
the chain of the gearshift in the axial direction with
respect to the gearshift group, in the second direc-
tion or in the first direction, respectively, sequential-
ly to each adjacent sprocket of the gearshift group
up to the predetermined sprocket.

[0037] In a particularly preferred manner, in step a),
and in steps h31) and/or l) where provided for, the ac-
tuator is driven to displace the chain at a comparatively
low speed, and in steps h2), k) and/or k1) where provid-
ed for, the actuator is driven to displace the chain at a
comparatively high speed.
[0038] Alternatively or in addition, in step a), and in
steps h31) and/or 1) where provided for, a stepper motor
of the actuator is driven to displace the chain through a
movement of one step or of a comparatively low number
of steps, and in steps h2), k) and/or k1) where provided
for, the motor of the actuator is driven to displace the
chain through a movement of a comparatively high
number of steps.
[0039] In a second aspect thereof, the invention con-
cerns a program for electronically servo-assisting a bi-
cycle gearshift, comprising program code means suita-
ble for carrying out the steps of the method above de-
scribed when the program is run on a computer.
[0040] The program is preferably embodied in at least
one microcontroller.
[0041] Alternatively, the program can be stored in a
computer memory or embodied in a read-only memory.
[0042] In a third aspect thereof, the invention con-
cerns an electronic circuit suitable for carrying out the
steps of the method above described.
[0043] In a fourth aspect thereof, the invention con-
cerns a bicycle gearshift, comprising:
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- a rear actuator and a front actuator, having a re-
spective motor, to displace, through a guide ele-
ment, a chain in an axial direction with respect to a
respective gearshift group comprising at least two
sprockets respectively associated with the hub of
the rear wheel and with the axle of the pedal cranks
of a bicycle, in a first direction or in a second direc-
tion opposite to the first direction,

- manual input means comprising means for entering
a displacement request signal of the rear actuator
or of the front actuator, respectively, in the first or
second direction,

- an electronic control unit connected to the input
means, to the rear actuator and to the front actuator,
operating, in a normal ride operating mode, to drive
the rear actuator or front actuator, respectively,
based upon the displacement request signal to dis-
place the chain from a first sprocket to a second ad-
jacent sprocket of the respective gearshift group,

characterised in that

- the manual input means comprise means for select-
ing the operating mode at least between said nor-
mal ride operating mode and an adjustment oper-
ating mode,

- the electronic control unit, in the normal ride oper-
ating mode, drives the rear or front actuator, respec-
tively, between a logic value associated with the first
sprocket and a logic value associated with the sec-
ond sprocket, modified by the value of an adjust-
ment variable,

- the electronic control unit is operative, in the adjust-
ment operating mode, to drive the rear or front ac-
tuator, respectively, based upon the request signal
to displace the chain in the first or second direction
and to increase or decrease the value of the adjust-
ment variable, the electronic control unit also having
means for inputting information on the successful
alignment between the chain and a predetermined
sprocket of the gearshift group to switch from the
adjustment operating mode to the normal ride op-
erating mode.

[0044] The adjustment variable can be common to all
the gear ratios of the gearshift group, or else a plurality
of adjustment variables can be provided, each associ-
ated with a gear ratio.
[0045] In a preferred embodiment, the electronic con-
trol- unit comprises a rear counter and a front counter,
means for updating the counter during the driving of the
rear and front actuator, respectively, and means for
comparing the value of the rear and front counters, re-
spectively, with the logic values.

[0046] The operating modes which can be selected
by the operating mode selection means can further com-
prise a setting operating mode, the electronic control
unit operating, in the setting operating mode, to drive
the rear or front actuator, respectively, based upon the
displacement request signal to displace the chain in the
first or second direction, the electronic control unit also
having means for inputting information on the success-
ful alignment between the chain and a predetermined
sprocket of the gearshift group, and means, responsive
to the means for inputting information on successful
alignment, for setting a biunique correspondence be-
tween the physical position of the rear or front actuator,
respectively, and the logic value associated with the pre-
determined sprocket.
[0047] The means for setting a biunique correspond-
ence can comprise means for setting the value of the
rear or front counter to the logic value pre-associated
with the predetermined sprocket.
[0048] When the predetermined sprocket is the
sprocket with the smallest diameter, the means for set-
ting a biunique correspondence comprise in particular
means for zeroing the rear or front counter.
[0049] Alternatively, the means for setting a biunique
correspondence can comprise means for storing in stor-
age means the current value of the rear or front counter
as logic value pre-associated with the predetermined
sprocket.
[0050] In an embodiment the gearshift can comprise
means for storing a differential amount pre-associated
with each pair of adjacent sprockets, wherein in the nor-
mal ride operating mode the logic value associated with
the second sprocket is determined by adding or sub-
tracting, respectively, the differential amount pre-asso-
ciated with the pair formed by the first and second
sprocket to/from the logic value associated with the first
sprocket.
[0051] The differential amounts pre-associated with
each pair of adjacent sprockets of the gearshift group
can be equal to each other.
[0052] The gearshift according to the invention can
comprise means for detecting the physical position of
the rear and front actuator, respectively, and for provid-
ing it to the electronic control unit, comprising a rear
transducer and a front transducer.
[0053] In the normal ride operating mode, the elec-
tronic control unit then drives the rear or front actuator,
respectively, to displace the chain between the first
sprocket and the second sprocket feedback controlled
by the physical position detected by the means for de-
tecting the physical position.
[0054] The means for detecting the physical position
can further comprise means for detecting the relative
position between the rear or front actuator, respectively,
and the predetermined sprocket and for generating the
information on the successful alignment in the adjust-
ment operating mode and/or in the setting operating
mode.
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[0055] The means for detecting the relative position
can further be suitable for generating the first displace-
ment request signal of the actuator in the first direction
or the second displacement request signal of the actu-
ator in the second direction in the adjustment operating
mode and/or in the setting operating mode.
[0056] The means for detecting the relative position
can, for example, comprise a collimated light source and
a collimated light sensor at the actuator and the prede-
termined sprocket, respectively, or vice-versa. Alterna-
tively, light triangulation can be exploited.
[0057] Preferably, the motors of the rear and front ac-
tuators are stepper motors and a displacement of the
rear or front actuator by one step or by an integer mul-
tiple of steps corresponds to a unitary increase or de-
crease of the rear or front counter.
[0058] Alternatively, the motors of the front and rear
actuators can be selected from the group consisting of
dc motors, brushless motors, asynchronous motors and
hydraulic motors.
[0059] Advantageously, information output means
are also provided defining, with the manual input means,
a user interface with the electronic control unit.
[0060] The gearshift preferably comprises a power
board arranged between the electronic control unit and
the rear and front actuators and, where provided for, the
front and rear transducers.
[0061] Preferably, the electronic control unit compris-
es at least one micro-controller made in C-MOS tech-
nology.
[0062] Preferably, moreover, the electronic control
unit is distributed and comprises many microcontrollers
at the display unit and/or at a unit controlling the manual
input means and/or at the power board.
[0063] Further characteristics and advantages of the
present invention shall become clearer from the follow-
ing detailed description of some preferred embodiments
thereof, made with reference to the attached drawings.
In the drawings:

- figure 1 schematically illustrates a perspective view
of a bicycle equipped with an electronically servo-
assisted gearshift according to the present inven-
tion,

- figure 2 illustrates a block diagram of the electroni-
cally servo-assisted gearshift according to an em-
bodiment of the present invention,

- figures 3 to 5 schematically illustrate different em-
bodiments of storage means of the gearshift ac-
cording to the present invention,

- figure 6 illustrates a flow chart exemplifying a mode
selection of the gearshift according to the invention,

- figures 7 and 8 jointly illustrate a flow chart of an
embodiment of a setting operating mode of the

gearshift according to the invention, and

- figure 9 illustrates a flow chart of an embodiment of
an adjustment operating mode of the gearshift ac-
cording to the invention.

[0064] With reference to figure 1, a bicycle 1, in par-
ticular a racing bicycle, includes a frame 2 formed in a
known way from tubular elements defining a support
structure 3 for a rear wheel 4 and a fork 5 for a front
wheel 6. A handlebar 70 having a tubular structure is
operatively connected to the fork 5.
[0065] The frame 2, at its lower portion, supports an
axle of the pedals or pedal unit 7, of the conventional
type, to actuate the rear wheel 4 through an electroni-
cally servo-assisted gearshift according to the invention,
generally indicated with reference 8.
[0066] The gearshift 8 is substantially formed from a
rear gearshift group 9 and a front gearshift group 10.
The rear gearshift group 9 includes a plurality of sprock-
ets or pinions 11 (ten in the illustrated example, but
which can also be nine, eleven or whatever else in
number) having different diameters and coaxial (axis A)
with the rear wheel 4. The front gearshift group 10 in-
cludes a plurality of sprockets or crowns or gears 12 (two
in the illustrated example, but which can also be three
or whatever else in number), having different diameters
and coaxial (axis B) with the axle of the pedal cranks 7.
[0067] The sprockets 11 of the rear gearshift group 9
and the sprockets 12 of the front gearshift group 10 are
selectively engageable by a looped transmission chain
13, to provide the different available gear ratios, through
the electronically servo-assisted gearshift 8.
[0068] The different gear ratios can be obtained by
moving a chain guide element or rear derailleur (or also
simply gearshift) 14 of the rear gearshift group 9 and/or
a chain guide element or front derailleur (or also simply
derailleur) 15 of the front gearshift group 10.
[0069] The rear derailleur 14 and the front derailleur
15 are controlled by a respective actuator 16, 17 (Figure
2) typically comprising an articulated parallelogram
mechanism and an electric motor with reducer to deform
the articulated parallelogram.
[0070] A position sensor of the rear derailleur or rear
transducer 18 and a position sensor of the front derail-
leur or front transducer 19 (Figure 2) are associated with
the actuators 16, 17.
[0071] The details of the construction of the derail-
leurs 14, 15, of the respective actuators 16, 17 and of
the respective position sensors or transducers 18, 19
are not illustrated here since the present invention lies
outside their specific construction. For further details re-
fer, for example, to the description of the aforemen-
tioned patent applications and patents.
[0072] In particular, the transducers 18, 19 are pref-
erably of the type described in EP 1 103 456 A2, suitable
for providing an electrical signal indicating the absolute
position of the derailleurs 14, 15.
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[0073] An electronic power board 30, equipped with
a battery, provides the electrical power to the motors of
the actuators 16, 17, to the transducers 18, 19, to a mi-
croprocessor electronic control unit 40 and preferably to
a display unit 60. The battery is preferably of the re-
chargeable type and the rear derailleur 15 can include,
in a per se known way, a dynamo-electric unit for re-
charging the battery.
[0074] In the present description and in the attached
claims, under electronic control unit 40 a logic unit shall
be meant, which can however be formed from many
physical units, in particular from one or more distributed
microprocessors which can be held in the display unit
60 and/or in the electronic power board 30 and/or in a
command unit.
[0075] The electronic power board 30 is, for example,
housed in one of the tubes of the handlebar 70, in one
of the tubes of the frame 2, for example at a support for
a drinking bottle (not illustrated), or in the display unit
60, which is preferably housed centrally on the handle-
bar 70.
[0076] The information transfer between the various
components is carried out through electrical cables, ad-
vantageously housed inside the tubes of the frame 2, or
else in a wireless mode, for example with the Bluetooth
protocol.
[0077] During travel, the rear and front derailleurs 14,
15 are controlled, through the actuators 16, 17, by the
electronic control unit 40 based upon upwards or down-
wards gear-shifting request signals established by man-
ual command devices, or semi-automatically or auto-
matically by the electronic control unit 40 itself. The
manual command devices can, for example, comprise
levers 43, 44 associated with the brake lever 41 on a
grip of the handlebar 70 for the upwards and downwards
gear-shifting signals, respectively, of the rear gearshift
group 9, and levers 45, 46 (Figure 2) associated with
the brake lever on the other grip of the handlebar 70 for
the upwards or downwards gear-shifting signals of the
front gearshift group 10 (the levers 45, 46 are not illus-
trated in Figure 1 for the sake of clarity).
[0078] As an alternative to the levers 43, 44 (45, 46)
two manually operated buttons, or two buttons which
can be operated by a swing lever can be provided.
[0079] The electronic control unit 40 is also associat-
ed with the two transducers 18, 19 to stop the motors of
the actuators 16, 17 when the desired gear ratio has
been reached, i.e. when the derailleur 14 or 15 has
reached the sprocket 11 or 12 adjacent (with a larger or
smaller diameter, respectively) to the one whereat it was
when the gear-shifting command (upwards or down-
wards, respectively) was generated through the manual
command device 43, 44, 45, 46 or by the electronic con-
trol unit 40.
[0080] In an alternative embodiment, the motors of
the actuators 16, 17 are stepper motors which are driven
by an appropriate number of steps for each upwards or
downwards gear-shifting and then automatically

stopped, whereas the transducers 18, 19 are used to
provide a feedback signal to the electronic control unit
40 so that it can possibly provide to actuate once again
the motors of the actuators 16, 17 in the case in which
the physical position corresponding to the adjacent
sprocket 11 or 12 has not been reached. This can, for
example, be due to the fact that the resisting torque of-
fered by the derailleur 14, 15, which is to some degree
dependent upon how the rider is pedalling, was too high,
greater than the maximum torque which can be deliv-
ered by the stepper motors.
[0081] More specifically, according to the present in-
vention, the electronic control unit 40 comprises a rear
counter 47 and a front counter 48. The counters 47, 48
can, for example, each be realised from a register or a
variable stored in a memory cell.
[0082] The electronic control unit 40, in the normal
ride operating mode of the gearshift 8, drives the actu-
ators 16, 17 and tracks their position increasing or de-
creasing the counters 47, 48, for example by one unit
for every step imposed on the stepper motor and/or
based upon the reading of the transducers 18, 19.
[0083] The electronic control unit 40 also comprises
rear storage means 49 and front storage means 50,
based upon which - apart from what is described later
on with reference to an adjustment operating mode of
the gearshift 8 - the electronic control unit 40 determines
(in the ways described later on with reference to Figures
3-5) the logic values which the counters 47, 48 must take
on so that the derailleurs 14, 15 are at the sprockets 11,
12 desired from time to time.
[0084] In other words, if the chain 13 is at a first
sprocket 11 (12) and the counter 47 (48) has a first logic
value, when the rider actuates the manual upwards
gear-shifting request command 43 (45) (or when such
a request is generated by the electronic control unit 40
itself), the electronic control unit 40 provides for driving
the actuator 16 (17) to displace the chain along axis A
(B) in a first direction until the counter 47 (48) reaches
the logic value (read directly from the storage means 49
(50) or derived from the information read from the stor-
age means 49 (50)) associated with the adjacent
sprocket 11 (12), with immediately larger diameter. The
chain 13 is then at the adjacent sprocket 11 (12), with
immediately larger diameter. When the rider actuates
the manual downwards gear-shifting request command
44 (46) (or when such a request is generated by the
electronic control unit 40 itself), the electronic control
unit 40 provides for driving the actuator 16 (17) to dis-
place the chain along axis A (B) in the second direction
until the counter 47 (48) reaches the logic value (read
directly from the storage means 49 (50) or derived from
the information read from the storage means 49 (50))
associated with the adjacent sprocket 11 (12), with im-
mediately smaller diameter. The chain 13 is then at the
adjacent sprocket 11 (12), with immediately smaller di-
ameter.
[0085] In the case in which the actuators 16, 17 com-
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prise stepper motors, advantageously a movement of
one step or an integer multiple of steps of the stepper
motor, in a first or second direction of rotation, corre-
sponds to each unitary increase or decrease of the
counter 47, 48.
[0086] In an embodiment (Figure 3), the rear and front
storage means 49 and 50 are suitable for directly storing
a logic value associated with each sprocket 11, 12 of the
respective gearshift group 9, 10. Thus, in the exempli-
fying case of rear gearshift group 9 comprising ten
sprockets or pinions 11, the rear storage means 49 are
suitable for storing a logic value R1 associated with the
wheel with the smallest diameter, a logic value R2 as-
sociated with the second sprocket, logic value R3 asso-
ciated with the third sprocket, etc., up to a logic value
R10 associated with the sprocket with the largest diam-
eter; in the exemplifying case of front gearshift group 10
comprising two sprockets or crowns 12, the front stor-
age means 50 are suitable for storing a logic value F1
associated with the wheel with the smallest diameter
and a logic value F2 associated with the sprocket with
the largest diameter.
[0087] In such an embodiment, the electronic control
unit 40 determines the logic values which the counters
47, 48 must assume so that the derailleurs 14, 15 are
at the sprockets 11, 12 desired from time to time reading
the associated logic value directly from the memory 49,
50.
[0088] In an alternative embodiment (Figure 4), the
rear storage means 49 are suitable for storing a differ-
ential amount associated with each pair of adjacent
sprockets 11. Thus, in the exemplifying case of rear
gearshift group 9 comprising ten sprockets or pinions
11, the rear storage means 49 are suitable for storing a
differential amount ∆R1-2 associated with the pair con-
sisting of the sprocket 11 with the smallest diameter and
the second sprocket 11 immediately adjacent to it (with
a slightly larger diameter), a differential amount ∆R2-3
associated with the pair consisting of the second and
third sprockets, etc., up to a differential amount ∆R9-10
associated with the pair of sprockets 11 having the larg-
est diameters; in the exemplifying case of front gearshift
group 10 comprising two sprockets or crowns 12, the
front storage means 50 are suitable for storing a single
differential amount ∆F1-2.
[0089] In such an embodiment, the electronic control
unit 40 determines the logic values which the counters
47, 48 must assume so that the derailleurs 14, 15 are
at the sprockets 11, 12 desired from time to time by add-
ing (or subtracting) the differential amount correspond-
ing to the pair consisting of the current sprocket 11, 12
and the sprocket 11, 12 with immediately larger (or
smaller) diameter stored in the memory 49, 50 to (or
from) the current value of the counter.
[0090] When the gearshift groups 9, 10 comprise
sprockets 11, 12 equally spaced by a certain pitch, the
rear storage means 49 and front storage means 50 (Fig-
ure 5) are suitable for storing a single differential amount

∆R and ∆F. If the pitch between adjacent sprockets 11
of the rear gearshift group 9 is equal to the pitch between
adjacent sprockets 12 of the front gearshift group 10,
there can be present only a single storage means, for
example just the front memory 49.
[0091] According to the invention, the electronically
servo-assisted gearshift, and in particular its electronic
control unit 40, is suitable for operating, besides in the
normal ride operating mode, in other operating modes,
including a programming mode of the microprocessor
(s) of the electronic control unit, a diagnostics mode, a
"choice-of-operation mode" in which it is possible to
choose between manual, automatic or semi-automatic
control of the gearshift, for example as described in doc-
ument US 5,865,454, an adjustment mode and, accord-
ing to a preferred embodiment of the invention, a setting
mode. The programming, diagnostics and choice-of-op-
eration modes are not described in detail since the
present invention lies outside them.
[0092] The various operating modes are selected
through manual mode selection command means, form-
ing a user interface with the electronic control unit 40,
preferably in cooperation with the display unit 60. The
manual mode selection command means preferably
comprise two buttons 61, 62, arranged at the display unit
60. The user interface can of course comprise other but-
tons or levers, such as the button 63, at the display unit
60 and/or at the grips of the handlebar 70, used in the
other operating modes.
[0093] For example, when the rider presses the but-
ton 61 arranged centrally under the display unit 60, the
electronic control unit 40 can show on the display unit
60 the various operating modes in cyclical sequence
and the mode selection means can comprise the same
button 61 for accepting the operating mode currently
displayed on the display unit 60 and a button, for exam-
ple the button 62 to the right of the display unit 60, to
not accept it and cause the display of the next operating
mode.
[0094] Advantageously, however, the adjustment
mode of the gearshift, instead of being shown together
with the other operating modes, can immediately be
reached from normal travel mode, for example through
a quick double press of the button 61, holding down the
button 61, or pressing a further dedicated button (not
shown).
[0095] Alternatively, the electronic control unit 40 can
show on the display unit 60 a menu containing all the
various operating modes, and the mode selection
means can comprise a button for scrolling a selection
cursor cyclically in the menu, or two buttons to scroll the
selection cursor in the menu in the two directions, as
well as a button for accepting the operating mode upon
which the selection cursor is currently displayed.
[0096] The buttons for accepting and not accepting
the operating mode, or the buttons for scrolling the cur-
sor, can also be embodied by the same upwards and
downwards gear-shifting request commands 43, 44 or
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45, 46, the electronic control unit 40 suitably interpreting
the signal generated by the pressing of the buttons ac-
cording to the context, for example through logic gates
or Boolean functions.
[0097] In any case, it is preferred that the activation
button of the adjustment mode be physically arranged
at the display unit 60 (and not at one of the grips of the
handlebar 70) to avoid accidental activation of such an
operating mode.
[0098] A flow chart exemplifying the mode selection
of the gearshift 8 according to the invention is represent-
ed in Figure 6.
[0099] When switched on 101, the electronic control
unit 40 enters into a block 102 for controlling the normal
ride operating mode, in particular in manual operation.
The system remains in this mode, in which it waits for
and controls the signals coming from the gearshifting
request commands 43-46 in the way above described,
negatively answering to the block 103 querying whether
to change the operating mode. In the query block 103 a
mode selection request signal, generated by one of the
manual input commands, in particular by the pressing
of the button 61, is monitored.
[0100] In parallel, in a block 116, an adjustment oper-
ating mode request signal, for example generated in the
way above described (holding down the button 61, etc.),
is monitored by the electronic control unit 40. Upon re-
ceipt of the adjustment operating mode request signal,
the electronic control unit controls an adjustment oper-
ating mode 117, better described hereafter with refer-
ence to figure 9.
[0101] In case the mode selection request signal is
activated, output Yes from the query block 103, the elec-
tronic control unit 40 queries in a block 104 whether one
wishes to enter into a programming mode and, in the
affirmative case, controls such a mode in a block 105
remaining there until it receives a negative answer to a
block 106 requesting whether one wishes to continue,
returning to the block 102 for controlling the normal ride
operating mode. In the case of a negative answer to the
block 104, the electronic control unit 40 queries in a
block 107 whether one wishes to enter into a diagnostics
mode and, in the affirmative case, controls such a mode
in a block 108 remaining there until it receives a negative
answer to a block 109 requesting whether one wishes
to continue, returning to the block 102 for controlling the
normal ride operating mode. In the case of a negative
answer to the block 107, the electronic control unit 40
queries in a block 110 whether one wishes to enter into
the aforementioned operation selection mode and, in
the affirmative case, controls such a mode in a block 111
remaining there until it receives a negative answer to a
block 112 requesting whether one wishes to continue,
returning to the block 102 for controlling the normal ride
operating mode, in particular in manual, semi-automatic
or automatic operation as chosen by the rider.
[0102] A request 113 whether one wishes to enter into
a setting mode is advantageously nested within block

111, so that two confirmations are requested from the
user to avoid such a setting mode being selected by mis-
take. In the case of a negative answer to the block 113,
block 111 is returned to, whereas in the case of an af-
firmative answer the electronic control unit 40 controls
a setting operating mode 114, better described hereafter
with reference to Figures 7 and 8, remaining there until
it receives receive a negative answer to a block 115 re-
questing whether one wishes to continue, returning to
block 111.
[0103] Figures 7 and 8 jointly illustrate a flow chart of
the setting operating mode 114. In such figures and in
the related description which follows, the rear derailleur
14 is simply indicated with "gearshift", whereas the front
derailleur 15 is simply indicated with "derailleur".
[0104] Starting from an initial block 200, in a block
201, the electronic control unit 40 checks if it is already
in the setting mode of the rear gearshift group 9, refer-
ring to a gearshift setting mode flag. In the negative
case, in a block 202 it is queried whether one wishes to
activate the setting mode of the rear gearshift group 9
and, in the negative case, the setting mode as far as the
rear gearshift group 9 is concerned terminates at a block
203. The block 203 corresponds to the start block 300
of the setting mode as far as the front gearshift group
10 is concerned, illustrated in Figure 8 and not described
since corresponding, mutatis mutandis, to the setting
mode as far as the rear gearshift group 9 is concerned.
[0105] In the case of an affirmative answer to block
202, the gearshift setting mode flag is set and the flow
proceeds according to blocks 203/300, 301 and 302 (to
which shall be given a negative answer since the setting
of the rear gearshift group 9 is being carried out), then
returning to the initial block 200 (through block 115 of
Figure 6).
[0106] In block 201 it is checked that the gearshift set-
ting mode is already active, and the electronic control
unit 40 queries in a block 205 whether one wishes to
deactivate the gearshift setting mode.
[0107] In the negative case, the electronic control unit
40 checks in a block 206 whether the upwards gear-
shifting request lever 43 has been pressed.
[0108] In the affirmative case, the electronic control
unit 40 in a block 207 drives the rear actuator 16 so that
it moves the chain in the direction towards the larger di-
ameter sprocket(s) and thus continues to drive the rear
actuator 16 in this way so long as the upwards gear-
shifting request lever 43 remains pressed, as checked
in a block 208. The rear actuator 16 is driven so as to
displace the rear derailleur 14 by small distances, in any
case smaller than the distance between two adjacent
sprockets 11. Preferably, to allow more precise adjust-
ment, the rear actuator 16 is driven at a low speed. In
particular, in the case in which the rear actuator 16 com-
prises a stepper motor, this is driven to move by one
step at a time or, if one wishes to obtain a faster adjust-
ment, by a certain number of steps at a time.
[0109] When the upwards gear-shifting request lever
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43 is no longer pressed, block 205 is returned to, in
which the electronic control unit 40 queries whether one
wishes to deactivate the gearshift setting mode.
[0110] In the case in which the electronic control unit
40 checks in block 206 that the upwards gear-shifting
request lever 43 has not been pressed, it checks in a
block 210 whether the downwards gear-shifting request
lever 44 has been pressed.
[0111] In the affirmative case, the electronic control
unit 40 in a block 211 drives the rear actuator 16 (so as
to displace the rear derailleur 14 by small distances, in
any case smaller than the distance between two adja-
cent sprockets 11, preferably, at a low speed and by one
or more steps at a time in the case of a stepper motor)
so that it moves the chain in the direction towards the
smaller diameter sprocket(s) and continues to drive the
rear actuator 16 in this way so long as the downwards
gear-shifting request lever 44 remains pressed, as
checked in a block 212.
[0112] When the downwards gear-shifting request le-
ver 44 is no longer pressed, block 205 is returned to, in
which the electronic control unit 40 queries whether one
wishes to deactivate the gearshift setting mode.
[0113] When in block 205 the electronic control unit
40 receives a positive answer, in a block 214 it cancels
the gearshift setting mode flag and, in a block 215, sets
a biunique correspondence between the current physi-
cal position of the rear actuator 16, as determined by
the transducer 18, and the logic value associated with
the gear ratio relative to the sprocket 11 upon which the
setting mode has been carried out.
[0114] In the preferred embodiment in which the elec-
tronic control unit 40 comprises the rear counter 47, the
setting of the biunique correspondence is accomplished
by setting the value of the rear counter 47 to the logic
value associated with the sprocket upon which the set-
ting is carried out, read or determined from the storage
means 49.
[0115] The sprocket 11 upon which the setting mode
is carried out is normally the one with the smallest di-
ameter, but it can be provided to choose the sprocket
upon which to carry out the setting mode. In such a case,
the electronic control unit 40 shall query the user to
specify the sprocket 11 upon which the setting mode is
carried out or has been carried out, for example before
block 204 or before block 215.
[0116] Therefore, in the embodiment of the storage
means illustrated in Figure 3, the value of the counter
47 shall be set to value R1 or to one of values R1, R2, ...
or R10, according to the sprocket 11 chosen for the set-
ting.
[0117] In the embodiment of the storage means illus-
trated in figure 4, the counter 47 shall be zeroed when
the sprocket 11 chosen for setting is the one with the
smallest diameter. If the sprocket chosen for setting is
the i-th wheel of the gearshift group, the value of the
counter 47 shall be set to the value determined by the
differential amount ∆R(i-1)-i associated with the pair

consisting of the sprocket 11 chosen for setting and the
sprocket 11 with immediately smaller diameter, added
to all the differential amounts associated with any pair
of smaller diameter sprockets. In other words, in the
case in which the setting is carried out on the second
sprocket 11, the value of the counter 47 shall be set to
∆R1-2, in the case in which the setting is carried out on
the third sprocket 11, the value of the counter 47 shall
be set to ∆R1-2 + ∆R2-3 etc.
[0118] In the embodiment of the storage means illus-
trated in figure 5, the counter 47 shall be zeroed when
the sprocket 11 chosen for setting is the one with the
smallest diameter. If the sprocket chosen for setting is
the i-th wheel of the gearshift group, the value of the
counter 47 shall be set to the value determined by the
differential amount ∆R multiplied by i-1, in other words
by the number indicating the position of the sprocket
chosen for setting in the rear gearshift group 9, less one.
In other words, in the case in which setting is carried out
on the second sprocket 11, the value of the counter 47
shall be set to ∆R, in the case in which setting is carried
out on the third sprocket 11, the value of the counter 47
shall be set to ∆R*2, etc.
[0119] In an alternative embodiment, the setting of the
biunique correspondence can be accomplished by mod-
ifying the logic value R1, R2, ... R10, F1, F2 (or, with the
appropriate calculations, the values of the differential
amounts ∆Rx, ∆Fy) of the storage means 49 associated
with the sprocket on which the setting is carried out,
based upon the value of the rear counter 47. Should it
be permitted to modify the logic values associated with
the sprockets in this way, it shall be appropriate to pro-
vide for the possibility of returning to the default logic
values (corresponding to nominal or average values),
suitably stored in read only storage means.
[0120] The setting mode 114 is usually carried out in
a workshop with the bicycle mounted on a stand.
[0121] A first procedure is that of holding the bicycle
still, moving exclusively the actuator 16 up and down
and stopping, in other words coming out from the setting
operating mode, when one believes to have obtained
the optimal alignment "by sight".
[0122] The alignment by sight can be improved with
different provisions both mechanical and electronic.
One can, for example, mount a plate on one of the small
idle sprockets of the rear derailleur 14 (and/or on the
front derailleur 15), so that there is alignment when it
touches the sprocket 11 (12) with the smallest diameter
or in any case the one predetermined for setting. Or
else, on the small sprocket a laser diode can be mount-
ed and on the sprocket 11 (12) a laser light receiver can
be mounted, or vice-versa. To further improve align-
ment, one could exploit "light triangulation", etc.
[0123] A second procedure is that of actuating the
chain through the pedal crank unit 7 and verifying the
alignment "by ear". An expert user, indeed, can under-
stand that with best alignment there is also minimum
noisiness.
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[0124] Clearly, one can combine the two procedures
and stop the alignment using both sight and ear.
[0125] It is possible to add a step in which (going in
the normal ride operating mode) the gearshift 8 is made
to make a complete upward travel (and/or a complete
downward travel), in the mean time doing a check by
sight and/or by ear. At the end of the complete travel(s)
(returning to setting mode) the setting is "refined". Such
complete travel'(s) can be carried out manually by the
operator, or else automatically by the electronic control
unit 40. Of course, if just one complete travel is carried
out, the setting shall then be "refined" on a different
sprocket from the one upon which the initial setting was
carried out.
[0126] It is also possible to carry out an automatic or
semi-automatic setting, providing for sensors (not
shown) of the relative position between the derailleur 14,
15 and the sprocket 11, 12 chosen for setting. Such rel-
ative position sensors can for example comprise a col-
limated light source and a photodetector respectively
associated with the derailleur 14, 15 and with the
sprocket 11, 12. When the photodetector detects the
light emitted from the collimated light source, it transmits
information to the electronic control unit 40 on the suc-
cessful alignment, corresponding to the positive out-
come of block 205 (305) requesting whether one wishes
to deactivate the gearshift setting mode. In the case in
which the photodetector has a certain extension in the
axial direction of the sprocket 11, 12, like for example in
the case of a linear CCD sensor, it can also identify, ac-
cording to the point in which it receives the light coming
from the collimated light source, what is the displace-
ment direction necessary for reaching alignment, send-
ing corresponding signals to the electronic control unit
40. Such signals correspond to the positive outcome of
blocks 206, 208, 210, 212 (306, 308, 310, 312) of check-
ing whether the upwards or downwards gear-shifting re-
quest lever has been pressed.
[0127] Figure 9 illustrates a flow chart exemplifying
the adjustment operating mode 117 according to the in-
vention.
[0128] Starting from an initial block 400, in a block 401
the electronic control unit 40 queries whether one wish-
es to proceed to the adjustment of the rear gearshift
group 9 (indicated simply with "gearshift" in the figures)
or to the adjustment of the front gearshift group 10 (in-
dicated simply with "derailleur" in the figures).
[0129] In the case in which the user confirms proceed-
ing to the adjustment of the rear gearshift group 9 (left
output from the block 401), in a block 402 the automatic
control unit 40 waits to receive an upwards displace-
ment request signal or a downwards displacement re-
quest signal. Such signals are advantageously provided
through the levers 43, 44 used for upwards and down-
wards gear-shifting request in the normal ride operating
mode.
[0130] In the case in which the rider presses the lever
43, the automatic control unit 40 receives the upwards

displacement request signal (left output "+" from block
402). The electronic control unit 40 then checks, in a
block 403, whether a maximum upwards displacement
has been reached. In the negative case, the system pro-
vides, in a block 404, for increasing the value of a rear
adjustment variable R-OFFSET, stored in a suitable
memory, and, in a block 405, for driving the motor of the
rear actuator 16 to carry out a displacement of the rear
derailleur 14 which is small enough, in any case smaller
than the distance between two adjacent sprockets 11.
[0131] In the case in which the check of block 403
gives a positive outcome, i.e. if the maximum upwards
displacement has been reached, the step 404 of in-
creasing the rear adjustment variable R-OFFSET and
the step 405 of driving the actuator 16 are not carried
out.
[0132] The electronic control unit 40 then checks in a
block 406 whether one wishes to deactivate the adjust-
ment mode, deemed to be completed, for example mon-
itoring the pressing of button 61 of the display unit. In
the positive case, the adjustment mode terminates at a
block 407. In absence of such an adjustment mode de-
activation signal, block 402 monitoring the pressing of
the levers 43, 44 is returned to.
[0133] Analogously, if the pressing of the lever 44 is
detected, i.e. if the electronic control unit 40 receives a
downwards displacement request signal (right output "-"
from block 402), the electronic control unit 40 checks,
in a block 408, whether a maximum downwards dis-
placement has been reached. In the negative case, the
system provides, in a block 409, for decreasing the val-
ue of the rear adjustment variable R-OFFSET, and, in
block 405, for driving the motor of the rear actuator 16.
In the case in which the check of block 408 gives a pos-
itive outcome, i.e. if the maximum downwards displace-
ment has been reached, the step 409 of decreasing the
rear adjustment variable R-OFFSET and the step 405
of driving of the actuator 16 are not carried out.
[0134] The execution then proceeds in block 406 of
checking whether one wishes to deactivate the adjust-
ment mode, described above.
[0135] In the case in which the user wishes to proceed
with the adjustment of the front gearshift group 10 (right
output from block 401), the steps represented by blocks
410-416 will be carried out, to which the description of
the blocks 402-409 applies mutatis mutandis. In partic-
ular, in blocks 412 and 416 the value of a front adjust-
ment variable F-OFFSET shall be updated (increased
or decreased).
[0136] ThefrontandrearadjustmentvariablesR-OFF-
SET and F-OFFSET have a default value equal to zero,
and are brought again to such a value equal to zero at
the end of the setting mode, where provided for, or
through a suitable command provided by the user.
[0137] The values of the front and rear adjustment
variables R-OFFSET and F-OFFSET, set in the adjust-
ment operating mode described above, condition the
electronic control unit 40 during the normal ride operat-

19 20



EP 1 426 284 A1

12

5

10

15

20

25

30

35

40

45

50

55

ing mode in the following way.
[0138] In the case in which the front and rear adjust-
ment variables R-OFFSET and F-OFFSET are different
from zero, the logic values which the counters 47, 48
must assume so that the derailleurs 14, 15 are at the
sprockets 11, 12 desired from time to time (read directly
from the memory 49, 50 in the embodiment of figure 3
or derived from the differential amounts in the embodi-
ments of Figures 4 and 5 in the way described above)
are modified algebraically summing (i.e. adding or sub-
tracting) thereto the value of the rear adjustment varia-
ble R-OFFSET or the value of the front adjustment var-
iable F-OFFSET, respectively.
[0139] By way of an example, for a upwards gear-
shifting of the rear gearshift group 9 from the third
sprocket 11 to the fourth sprocket 11, in the case of the
embodiment of figure 3 the electronic control unit 40
shall drive the motor of the rear actuator 16 until the rear
counter 47 reaches the value R3 + R-OFFSET (where
R-OFFSET can have a negative value). In the case of
the embodiment of figure 4 the electronic control unit 40
shall drive the motor of the rear actuator 16 until the rear
counter 47 reaches the value ÄR1-2 + ÄR2-3 + R-OFF-
SET (where R-OFFSET can have a negative value), and
in the case of the embodiment of figure 5, until the rear
counter 47 reaches the value 2*ÄR + R-OFFSET.
[0140] The adjustment operating mode can be acti-
vated whatever the current gear ratio, in other words on
whatever sprocket 11 or 12, and the search for align-
ment by the rider is carried out mainly "by ear", above
all when it is carried out with the bicycle in motion. It is
nevertheless possible to provide, in a totally analogous
manner to that which was described for the setting op-
erating mode, visual aid instruments (such as the plate
mounted on the derailleur) and instruments for automat-
ic alignment check and/or autoalignment instruments
(such as the laser diode-photodetector pair).
[0141] Since small misalignments between the derail-
leur 14 or 15 and a sprocket 11 or 12 have to be com-
pensated for, the maximum upwards and downwards
displacement values, reaching of which is checked in
blocks 403, 408, 411, 415, preferably correspond to half
the pitch between two adjacent sprockets 11 or 12 (dis-
tance in the direction of axis A or B). In the case in which
the sprocket 11 or 12 on which the adjustment is carried
out is the one with the smallest diameter or the one with
the largest diameter of the respective gearshift group 9,
10, the maximum displacement is preferably smaller
than half the pitch, in order to avoid an impact of the
motors of the actuators 16, 17 and/or of the derailleurs
14, 15 against mechanical ends of stroke stops or a dan-
gerous approach to the spokes of the rear wheel 4.
[0142] The displacement of the derailleur 14, 15 in the
adjustment operating mode is preferably carried out at
low speed, and in particular through a movement of one
step or more preferably by a certain number of steps in
the case of a stepper motor. If, for example, the displace-
ment between two adjacent sprockets (gear-shifting) re-

quires 100 steps of the stepper motor, in the adjustment
mode the stepper motor of the actuator 16, 17 can be
driven for 5-8 steps at a time, so that 10-6 upwards
(downwards) displacement request signals are neces-
sary to displace the chain by the aforementioned maxi-
mum displacement (half the distance between two ad-
jacent wheels).
[0143] In the setting operating mode 114, where pro-
vided for, the stepper motor of the actuator 16, 17 can,
on the other hand, be driven, by just one or two steps at
a time.
[0144] In such a way, the setting operating mode 114
shall advantageously be carried out every now and then,
in a workshop, dedicating all the necessary time and ob-
taining a very precise result, i.e. a fine adjustment. The
adjustment operating mode 117 shall be carried out
when there is less time available, in particular during cy-
cling races and even whilst moving, obtaining a faster
adjustment.
[0145] Analogously to what has been described with
reference to the setting operating mode, it is possible to
add a step in which (going in the normal ride operating
mode) the gearshift 8 is made to make a complete up-
wards and/or downwards travel, in the mean time car-
rying out a check by sight and/or by ear. At the end of
the complete travel(s) (returning to the adjustment
mode) the adjustment is further "refined". Such a step
can be carried out manually by the operator, or else au-
tomatically by the electronic control unit 40.
[0146] It is also possible to provide for, instead of a
single adjustment variable for each gearshift group 9,
10, an adjustment variable for each sprocket 11, 12 of
each gearshift group 9, 10 (for example, R-OFFSET-1,
R-OFFSET-2, ..., R-OFFSET-10; F-OFFSET-1, F-OFF-
SET-2).
[0147] The microprocessor(s) electronic control unit
40 can, for example, be made in C-MOS technology,
which has the advantage of having low consumption.
[0148] As an alternative to implementation through
dedicated hardware, the functionalities of the electronic
control unit 40 described above can be accomplished
by a software program loadable in a small computer.
[0149] In another alternative, the adjustment operat-
ing mode 117 described above, and possibly the setting
operating mode 114, can be realised through an elec-
tronic board separated from an electronic control board
intended for driving the gearshift in the normal ride op-
erating mode 102 and, possibly, the other operating
modes, or through a software program separate from a
control program intended to control the gearshift in the
normal ride operating mode and, possibly, the other op-
erating modes. In such cases, the adjustment operating
mode 117, and possibly the setting operating mode 114,
can be provided as an update to existing servo-assisted
gearshifts.
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Claims

1. Method for electronically servo-assisting a bicycle
gearshift (8), comprising the steps of:

a) driving (405,413) an actuator (16, 17) of a
bicycle gearshift (8) to displace a chain (13) of
the gearshift in an axial direction (A, B) with re-
spect to a gearshift group (9, 10) comprising at
least two sprockets (11, 12), in a first direction
or in a second direction opposite to the first di-
rection,

b) receiving information on the successful
alignment (406, 414) between the chain (13)
and a predetermined sprocket (11, 12) of the
gearshift group (9, 10), and

c) setting (404, 409, 412, 416) an adjustment
variable (R-OFFSETx, F-OFFSETy) of a logic
value associated with the gear ratio relative to
the predetermined sprocket (11, 12) to a value
corresponding to the displacement carried out
in step a) of driving the actuator (16, 17).

2. Method according to claim 1, characterised in that
the adjustment variable (R-OFFSET, F-OFFSET) is
common to all the gear ratios of the gearshift group
(9, 10).

3. Method according to claim 1, characterised in that
the adjustment variable (R-OFFSETx, F-OFFSETy)
is one of a plurality of adjustment variables (R-OFF-
SETx, F-OFFSETy), each associated with a gear
ratio.

4. Method according to one of the previous claims,
characterised in that it comprises the step of:

d) receiving (402, 410) a first displacement re-
quest signal of the actuator (16, 17) in the first
direction or a second displacement request sig-
nal of the actuator (16, 17) in the second direc-
tion wherein in step a) of driving the actuator
(16, 17), the displacement of the chain (13) is
carried out in the first or in the second direction
in accordance with the displacement request
signal (402, 410) received in step d).

5. Method according to claim 4, characterised in that
step d) of receiving (402, 410) a displacement re-
quest signal and step a) of driving the actuator (16,
17) are repeated until receiving the information on
the successful alignment (406, 414) in step b).

6. Method according to claim 5, characterised in that
it comprises the step of:

e) subordinating the repetition of step a) of driv-
ing the actuator (16, 17) to a check (403, 408,
411, 415) that the displacement carried out in
step a) has not reached a maximum displace-
ment value.

7. Method according to claim 6, characterised in that
the maximum displacement value is lower than half
the distance between two adjacent sprockets (11,
12) of the gearshift group (9, 10) if the predeter-
mined sprocket (11, 12) is the sprocket (11, 12) with
the largest or smallest diameter, respectively, of the
gearshift group (9, 10), otherwise it is equal to half
the distance between two adjacent sprockets (11,
12) of the gearshift group (9, 10).

8. Method according to one of the previous claims,
comprising the steps of:

f) receiving an operating mode signal selected
from the group comprising at least a normal ride
operating mode (102) and an adjustment oper-
ating mode (117),

g) receiving a first (43, 45) or second (44, 46),
respectively, displacement request signal of the
actuator (16, 17) to displace the chain (13) in
the axial direction (A, B) with respect to the
gearshift group (9, 10), in the first direction or
second direction, respectively,

h1) when the operating mode signal 'corre-
sponds to the adjustment operating mode
(117), carrying out at least steps a)-c),

h2) when the operating mode signal corre-
sponds to the normal ride operating mode
(102), carrying out the step of driving the actu-
ator (16, 17) of the gearshift (8) to displace the
chain (13) of the gearshift (8) in the axial direc-
tion (A, B) with respect to the gearshift group
(9, 10), in the first direction or in the second di-
rection, between the physical position corre-
sponding to a first sprocket (11, 12) of the gear-
shift group (9, 10) and the physical position cor-
responding to a second sprocket (11, 12) of the
gearshift group (9, 10), the physical positions
being determined by the logic values associat-
ed with the sprockets as adjusted by the adjust-
ment variables (R-OFFSETx, R-OFFSETy).

9. Method according to claim 8, characterised in that
step h2) comprises driving the actuator (16, 17) to
displace the chain (13) in the axial direction (A, B)
with respect to the gearshift group (9, 10), in the first
direction or second direction, respectively, for a de-
termined amount by increasing or decreasing, re-
spectively, the value of a counter (47, 48) by an
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amount equal to the algebraic sum of the common
adjustment variable (R-OFFSETx, F-OFFSETy) or
the adjustment variable associated with the gear ra-
tio relative to the second sprocket (11, 12) and the
difference (Fi+1-Fi, Rj+1-Rj, ∆Rx, ∆Fy) between the
logic values associated with the second sprocket
(11, 12) and with the first sprocket (11, 12).

10. Method according to claim 9, characterised in that
the difference (Fi+1-Fi, Rj+1-Rj, ∆Rx, ∆Fy, ∆F, ∆R)
between the logic values associated with the sec-
ond sprocket (11, 12) and with the first sprocket (11,
12) is indicated by at least one differential amount
(∆Fx, ∆Ry, ∆F, ∆R) pre-associated with each pair of
adjacent sprockets (11, 12) of the gearshift group
(9, 10).

11. Method according to any one of claims 8-10, char-
acterised in that in said step f) the operating mode
signal is selected from the group also comprising a
setting operating mode (114), and in that it also
comprises the step of:

h3) when the operating mode signal corre-
sponds to the setting operating mode (114),
carrying out the steps of:

h31) driving (207, 211, 307, 311) the actu-
ator (16, 17) to displace the chain (13) of
the gearshift in the axial direction (A, B)
with respect to the gearshift group (9, 10),
in the first direction or second direction,

h32) receiving information on the success-
ful alignment (205, 305) between the chain
(13) and a predetermined sprocket (11, 12)
of the gearshift group (9, 10),

h33) setting (215, 315) a biunique corre-
spondence between the physical position
of the actuator (16, 17) at step h32) and the
logic value associated with the gear ratio
relative to the predetermined sprocket (11,
12),

h34) zeroing the adjustment variable(s)
(R-OFFSETx, F-OFFSETy).

12. Method according to claim 11, characterised in
that the predetermined sprocket (11, 12) in step h3)
is the sprocket with the smallest diameter of the
gearshift group (9, 10).

13. Method according to claim 11 or 12, characterised
in that step h33) of setting (215, 315) a biunique
correspondence comprises setting the value of a
counter (47, 48) to said logic value pre-associated
with the predetermined sprocket (11, 12).

14. Method according to claim 13 when dependent up-
on claim 12, characterised in that said step h33)
of setting (215, 315) a biunique correspondence
comprises zeroing the counter (47, 48).

15. Method according to one of claims 11 or 12, char-
acterised in that said step h33) of setting (215,
315) a biunique correspondence comprises storing
in storage means (49, 50) the current value of a
counter (47, 48) as logic value (Fx, Ry) pre-associ-
ated with the predetermined sprocket (11, 12).

16. Method according to claim 15, characterised in
that step h3) is repeated for each sprocket (11, 12)
and a corresponding logic value (Fx, Ry).

17. Method according to one of the previous claims,
characterised in that step a) and/or step h3) are
carried out with the bicycle (1) still.

18. Method according to one of the previous claims,
characterised in that step a) and/or step h3) are
carried out keeping the chain (13) of the gearshift
in motion.

19. Method according to one of claims 4-18, further
comprising the steps of:

i) providing a user interface (43-46, 60-63),
wherein in said step d) and/or in said step g)
the first or second displacement request signal
(43-46) of the actuator (16, 17) are received
through the user interface (43-46, 60-63).

20. Method according to claim 19, characterised in
that in said step b) and/or in said step h32) the in-
formation on the successful alignment is received
through the user interface (43-46, 60-63).

21. Method according to one of the previous claims,
characterised in that it comprises the step of:

j) providing means for detecting the relative po-
sition between the chain (13) and the predeter-
mined sprocket (11, 12) and providing the infor-
mation on the successful alignment in step b)
and/or in step h32).

22. Method according to claim 21 when dependent up-
on one of claims 4 to 20, characterised in that the
means for detecting the relative position between
the chain (13) and the predetermined sprocket (11,
12) are also suitable for providing the first or second
displacement request signal of the actuator (16, 17)
in step d) and/or in step g).

23. Method according to one of the previous claims,
characterised in that it also comprises the steps,
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carried out after step b) and/or after step h32) of
receiving information on the successful alignment,
of:

k) driving the actuator (16, 17) of the gearshift
(8) to displace the chain (13) of the gearshift in
the axial direction (A, B) with respect to the
gearshift group (9, 10), in the first direction or
in the second direction, respectively, from the
current position sequentially to each adjacent
sprocket (11, 12) of the gearshift group (9, 10),

l) driving the actuator (16, 17) to displace the
chain (13) in the axial direction (A, B) with re-
spect to the gearshift group (9, 19), in the first
direction or in the second direction,

m) receiving second information on the suc-
cessful alignment between the chain (13) and
a predetermined sprocket (11, 12) of the gear-
shift group (9, 10).

24. Method according to claim 23, characterised in
that it comprises the step, carried out between step
k) and step 1), of:

k1) driving the actuator (16, 17) of the gearshift
(8) to displace the chain (13) of the gearshift in
the axial direction (A, B) with respect to the
gearshift group (9, 10), in the second direction
or in the first direction, respectively, sequential-
ly at each adjacent sprocket (11, 12) of the
gearshift group (9, 10) up to the predetermined
sprocket (11, 12).

25. Method according to one of the previous claims,
characterised in that in step a), and in steps h31)
and/or l) where provided for, the actuator (16, 17) is
driven to displace the chain (13) at a comparatively
low speed, and in steps h2), k) and/or k1) where
provided for, the actuator (16, 17) is driven to dis-
place the chain (13) at a comparatively high speed.

26. Method according to one of the previous claims,
characterised in that in step a), and in steps h31)
and/or l) where provided for, a stepper motor of the
actuator (16, 17) is driven to displace the chain (13)
through a movement by one step or by a compara-
tively low number of steps, and in steps h2), k) and/
or k1) where provided for, the motor of the actuator
(16, 17) is driven to displace the chain (13) through
a movement by a comparatively high number of
steps.

27. Program for electronically servo-assisting a bicycle
gearshift, comprising program code means suitable
for carrying out the steps of the method according
to any of the previous claims when the program is

run on a computer, embodied in at least one micro-
controller.

28. Electronic circuit suitable for carrying out the steps
of the method according to any of claims 1 to 26.

29. Bicycle gearshift (8), comprising:

- a rear actuator (16) and a front actuator (17),
having a respective motor to displace, through
a guide element (14, 15), a chain (13) in an axial
direction (A, B) with respect to a respective
gearshift group (9, 10) comprising at least two
sprockets (11, 12) respectively associated with
the hub of the rear wheel (4) and with the axle
of the pedal cranks (7) of a bicycle (1), in a first
direction or in a second direction opposite to the
first direction,

- manual input means (43-46, 60-63) comprising
means (43-46) for entering a signal requesting
displacement of the rear or front actuator (16,
17), respectively, in the first or in the second
direction,

- an electronic control unit (40) connected to the
input means (43-46, 60-63), to the rear actuator
(16) and to the front actuator (17), operating, in
normal ride operating mode (102), to drive the
rear actuator or front actuator (16, 17), respec-
tively, based upon the displacement request
signal to displace the chain (13) from a first
sprocket (11,12) to a second adjacent sprocket
(11,12) of the respective gear-shift group (9,
10),

characterised in that

- the manual input means (43-46, 60-63) com-
prises means (60-63) for selecting the operat-
ing mode at least between said normal ride op-
erating mode and an adjustment operating
mode,

- the electronic control unit (40), in the normal
ride operating mode, drives the rear or front ac-
tuator (16, 17), respectively, between a logic
value associated with the first sprocket (11, 12)
and a logic value associated with the second
sprocket (11, 12), modified by the value of an
adjustment variable (R-OFFSETx, F-OFFSE-
Ty),

- the electronic control unit (40) is operative, in
the adjustment operating mode, to drive the
rear or front actuator (16, 17), respectively,
based upon the displacement request signal to
displace the chain (13) in the first or second di-
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rection and to increase or decrease the value
of the adjustment variable (R-OFFSETx,
F-OFFSETy), the electronic control unit (40) al-
so having means (60-63, 406, 414) for inputting
information on the successful alignment be-
tween the chain (13) and a predetermined
sprocket (11, 12) of the gearshift group (9, 10)
to switch from the adjustment operating mode
to the normal ride operating mode.

30. Gearshift according to claim 29, characterised in
that the'adjustment variable (R-OFFSET, F-OFF-
SET) is common to all the gear ratios of the gearshift
group (9, 10).

31. Gearshift (8) according to claim 29, characterised
in that the adjustment variable (R-OFFSETx,
F-OFFSETy) is one of a plurality of adjustment var-
iables (R-OFFSETx, F-OFFSETy), each associated
with a gear ratio.

32. Gearshift according to one of claims 29 to 31, char-
acterised in that the electronic control unit (40)
comprises a rear counter (47) and a front counter
(48), means for updating the counter during the driv-
ing of the rear and front actuator (16, 17), respec-
tively, and means for comparing the value of the rear
and front counter (47, 48), respectively, with the log-
ic values.

33. Gearshift according to one of claims 29 to 32, char-
acterised in that the operating modes which can
be selected by the operating mode selection means
(60-63) further comprise a setting operating mode
and in that the electronic control unit (40) is oper-
ative, in the setting operating mode, to drive the rear
or front actuator (16, 17), respectively, based upon
the displacement request signal to displace the
chain (13) in the first or second direction, the elec-
tronic control unit (40) also having means (43-46,
60-63) for inputting information on the successful
alignment between the chain (13) and a predeter-
mined sprocket (11, 12) of the gearshift group (9,
10), and means (215, 315), responsive to the
means (43-46, 60-63) for inputting information on
the successful alignment, for setting a biunique cor-
respondence between the physical position of the
rear or front actuator (16, 17), respectively, and the
logic value associated with the predetermined
sprocket (11, 12).

34. Gearshift according to claim 33 when dependent
upon claim 32, characterised in that:

- the means (215, 315) for setting a biunique cor-
respondence comprises means (215, 315) for
setting the value of the rear or front counter (47,
48) to the logic value pre-associated with the

predetermined sprocket (11, 12).

35. Gearshift according to claim 34, characterised in
that the predetermined sprocket (11, 12) is the
sprocket (11, 12) with the smallest diameter and the
means (215, 315) for setting a biunique correspond-
ence comprises means for zeroing the rear or front
counter (47, 48).

36. Gearshift according to claim 33, characterised in
that:

- the means for setting a biunique correspond-
ence comprises means for storing in storage
means (49, 50) the current value of the rear or
front counter (47, 48) as logic value pre-asso-
ciated with the predetermined sprocket (11,
12).

37. Gearshift according to one of claims 29 to 36, com-
prising means for storing a differential amount (∆Rx,
∆Fy) pre-associated with each pair of adjacent
sprockets (11, 12), wherein in the normal ride oper-
ating mode the logic value associated with the sec-
ond sprocket (11, 12) is determined by adding or
subtracting, respectively, the differential amount
pre-associated with the pair formed by the first and
second sprocket (11, 12) to/from the logic value as-
sociated with the first sprocket (11, 12).

38. Gearshift according to claim 37, characterised in
that the differential amounts (∆R, ∆F) pre-associat-
ed with each pair of adjacent sprockets (11, 12) of
the gearshift group (9, 10) are equal to each other.

39. Gearshift according to one of claims 29 to 38, com-
prising means (18, 19) for detecting the physical po-
sition of the rear actuator (16) and front actuator
(17), respectively, and providing it to the electronic
control unit (40), comprising a rear transducer (18)
and a front transducer (19).

40. Gearshift according to claim 39, characterised in
that, in the normal ride operating mode, the elec-
tronic control unit (40) drives the rear or front actu-
ator (16, 17), respectively, to displace the chain (13)
between the first sprocket (11, 12) and the second
sprocket (11, 12) feedback controlled by the physi-
cal position detected by the means for detecting the
physical position (18, 19).

41. Gearshift according to claim 39 or 40, character-
ised in that the means for detecting the physical
position (18, 19) further comprise means for detect-
ing the relative position between the rear or front
actuator (16, 17), respectively, and the predeter-
mined sprocket (11, 12) and for generating the in-
formation on the successful alignment in the adjust-
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ment operating mode and/or in the setting operating
mode.

42. Gearshift according to claim 41, characterised in
that the means for detecting the relative position
are further suitable for generating the first displace-
ment request signal of the actuator (16, 17) in the
first direction or the second displacement request
signal of the actuator (16, 17) in the second direc-
tion in the adjustment operating mode and/or in the
setting operating mode.

43. Gearshift according to claim 41 or 42, character-
ised in that the means for detecting the relative po-
sition comprise a collimated light source and a col-
limated light sensor, respectively at the actuator
(16, 17) and at the predetermined sprocket (11, 12)
or vice-versa.

44. Gearshift according to one of claims 32 to 43, char-
acterised in that the motors of the rear and front
actuators (16, 17) are stepper motors and a dis-
placement of the rear or front actuator (16, 17) by
one step or by an integer multiple of steps corre-
sponds to a unitary increase or decrease of the rear
or front counter (47, 48).

45. Gearshift according to one of claims 29 to 44, char-
acterised in that it comprises means (60) for out-
putting information defining, with the manual input
means (43-46, 60-63), a user interface with the
electronic control unit (40).

46. Gearshift according to one of claims 29 to 45, char-
acterised in that it comprises a power board (30)
arranged between the electronic control unit (40)
and the rear and front actuators (16, 17).

47. Gearshift according to one of claims 29 to 46, char-
acterised in that the electronic control unit (40)
comprises at least one microcontroller made in'
C-MOS technology.

48. Gearshift according to one of claims 29 to 47, char-
acterised in that the electronic control unit (40) is
distributed and comprises many microcontrollers at
a display unit (60) and/or at a unit controlling the
manual input means (43-47, 61-63) and/or at a pow-
er board (30).
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